We observed weather clutter from rain clouds using an L-band long-range air-route surveillance radar (ARSR) having a frequency 1.3 GHz, a beamwidth 1.2 • , and a pulsewidth 3.0 µs. To determine the weather clutter amplitude, we introduce the Akaike Information Criterion (AIC), which is more rigorous fit of the distribution to the data than the least squares method. It is discovered that the weather clutter amplitudes obey almost the Rayleigh distribution for entire data and the Weibull, log-Weibull, and K-distributions with the shape parameters of 1.73 to 2.43, 10.60, and 5.13 to 50.93, respectively, for data within the beam width of an antenna.
We observed weather clutter from rain clouds using an L-band long-range air-route surveillance radar (ARSR) having a frequency of 1.3 GHz, a horizontal beamwidth of 1.2°, a vertical beamwidth of 3.4°, horizontal linear polarization, a pulsewidth of 3.0 µ s , a pulse repetition frequency of 350 Hz, an antenna scan rate of 6 rpm, an antenna gain of 36.9 dB, a receiver noise factor of 4.0 dB, total system losses of 7.6 dB, and a transmitted peak power of 2 MW.
This L-band radar is located at the ARSR site of Chiba prefecture, Japan. We observed radar echoes from clouds in a range interval of 60.0 to 65.5 NM (111.1 to 121.5 km) with an azimuth interval of 41.8° to 54.2° (range sweeps numbered 400-519). Weather conditions were stormy and windy with a wind velocity of 4 to 14knot (2.1 to 7.2m/s).
To determine the weather clutter amplitude statistics, we introduce the Akaike Information Criterion (AIC), which is more rigorous fit of the distribution to the data than the least squares method. We investigate the log-normal, Weibull, log-Weibull and K-distributions using this AIC.
It is discovered that weather clutter obeys the Rayleigh distribution for all data. This is shown in Fig. 1 . And the Weibull, log-Weibull and K-distributions with the shape parameters of 1.73 to 2.43, 10.60, and 5.13 to 50.93, respectively, for data within the beam width of an antenna. A sample for Weibull distributed weather clutter is shown in Fig. 2 . It is very interesting that the weather clutter amplitudes obey almost the Rayleigh distribution for entire data but the Weibull, log-Weibull, and K-distributions for data within the beam width of an antenna. 
Introduction
Radar is a wireless device to measure the distance, position, and size etc. of the object by radiating the electromagnetic wave and receiving the electromagnetic wave, which can be reflected by the object. In the radar observation, the ship, and aircraft etc., which are the observation objects are called targets. Moreover, the reflection wave except from the target is called clutter. For example, the reflection waves from the ground surface, sea waves, and clouds are grand clutter, sea clutter, and weather clutter, respectively. Such clutter often obstructs the target and may be mistaken for the target. In the radar signal processing, it is important to suppress clutter and to detect target (1)- (4) .
The threshold detection method is one of the target detection methods (5) . This method is a method of setting threshold level to the receiver output and judging whether the output signal exceeds this threshold or not. When clutter exceeds the threshold, clutter is mistaken for the target. It is called false alarm. The false alarm probability changes depending on the parameters of the amplitude distribution of clutter. Therefore, it is necessary to keep the false alarm probability a very low constant, that is, to maintain CFAR (Constant False Alarm Rate) (1) (6) . For example, a LOG/CFAR system is used against Rayleigh-distributied clutter having a large dynamic range (7) . However, recently, we have observed that ground, sea, and sea-ice clutter amplitudes do not obey the Rayleigh distribution.
For example, we observed ground clutter using an L-band long-range air-route surveillance radar (ARSR) having a frequency 1.33 GHz, a beamwidth 1.23 • , and a pulsewidth 3.0 µs. It was discovered that the ground clutter amplitudes obey the log-Weibull distribution * Department of Communications Engineering, National Defense Academy 1-10-20, Hashirimizu, Yokosuka 239-8686 with the shape parameters of 8.85 for entire data and the Weibull, log-Weibull, and K-distributions with the shape parameters of 1.73 to 2.23, 7.76 to 10.41, and 6.36 to 41.14, respectively, for data within the beam width of an antenna (8) . Sea clutter data was measured by us using an X-band radar with a frequency 9,380 MHz, a beamwidth 0.6 • , and a pulsewidth 0.25 µs. We have found that the sea clutter amplitudes obey the log-normal, log-Weibull, and K-distributions with the shape parameters of 0.490 to 0.515, 1.94 to 2.49, and 1.15 to 29.56, respectively, for data within the beam width of an antenna (9) .
Moreover, we have already reported that the seaice clutter amplitudes obey the log-Weibull distribution with the shape parameters of 2.97 for entire data and 2.69 to 3.15 for data within the beam width of an antenna, using a millimeter wave radar with a frequency 34.86 GHz, a beamwidth 0.25 • , and a pulsewidth 30 ns (10) .
Such clutter cannot be suppressed by the LOG/CFAR system any longer. For suppression of such clutter, it is very important to investigate the amplitude statistics of clutter in detail and it will be necessary to consider the new CFAR systems. In the following, we observed weather clutter from rain clouds using an L-band longrange ARSR having a frequency 1.3 GHz, a beamwidth 1.2 • , and a pulsewidth 3.0 µs. To determine the weather clutter amplitude, we introduce the Akaike Information Criterion (AIC) (11) and four probability distribution models, the log-normal, Weibull, log-Weibull, and K-distributions. It is discovered that the weather clutter amplitudes obey almost the Rayleigh distribution for entire data and the Weibull, log-Weibull, and Kdistributions with the shape parameters of 1.73 to 2.43, 10.60, and 5.13 to 50.93 for data within the beam width of an antenna.
In previous paper, we investigated the weather clutter data by the least-squares method. It was discovered that the weather clutter amplitudes obey the Weibull distribution with the shape parameters of 1.65 to 2.00 (12) . In this time, we reexamine the same weather clutter data by using an AIC, which is more rigorous fit of the distribution to the data than the least-squares method. It is remarkable to have discovered that the weather clutter amplitudes obey not only the Weibull distribution but also the log-Weibull and K-distributions.
Observations of Weather Clutter
Weather clutter was measured using an L-band longrange ARSR. The characteristics of the radar system are shown in Table 1 . The L-band radar is located at Yamada in Chiba Prefecture, situated at latitude 35 • 46 36 N and longitude 140 • 31 38 E. This L-band radar observes air lane of airplane that arrives and departs to the Narita international airport. The data was recorded at midnight of August 18, 1977 . Weather conditions were stormy and windy. A wind velocity was 4 to 14 knots (2.1 to 7.2 m/s). The direction of the wind was southeast. We observed radar echoes from clouds in a range interval of 60.0 to 65.5 NM (111.1 to 121.5 km) with an azimuth interval of 41.8 • to 54.2 • (range sweeps numbered 400-519). The sample intervals between two adjacent range bins in the radial direction and between two adjacent range sweeps in the azimuth direction were 0.25 NM (450m) and 0.1044 • , respectively. Range intervals of 5.6 NM (10.4 km) between ranges of 60.0 and 65.5 NM were divided into 23 range bins each corresponding to the pulsewidth. Azimuth intervals of 12.4 • between azimuth of 41.8 • to 54.2 • corresponded to 120 range sweeps. Thus the number of data points was 2,760. The observation was continuous five times at intervals of almost ten seconds. Data were recorded on a magnetic tape as video signals of the in-phase (I) component and the quadrature (Q) component after passing through an IF amplifier and a phase detector. Each of value I and Q was recorded on the magnetic tape as a 10bit signal, and hence the minimum and maximum integer values of I and Q were −512 and +511, respectively.
Distribution Estimation of Weather Clutter
To estimate a distribution model obeying clutter amplitude, we apply some models to observed data and compare "goodness" of models. In this paper, we use four probability distribution models, the log-normal, Weibull, log-Weibull, and K-distributions, and introduce the AIC, which is more rigorous fit of the distribution to the data than the least-squares method. We summarize the probability density functions and properties of these four models in Table 2 .
x is the amplitude of the return signals and x = I 2 + Q 2 . The AIC is defined as
in the model}].· · · · · · · · · · · · · · · · · · · (1)
The value of the AIC itself is not significance, the differences in the values of the AIC are important. The significant differences are larger than unity from the relationship between the AIC and the entropy. The model which yields the smallest AIC (MAIC ; minimum AIC estimation) is regarded as the best one (13) . We summarize the parameters and the AIC values for different range sweep numbers in the 2nd scan in Table 3 . The distribution estimation result of entire data is shown in the first line, and the distribution estimation result of data within the beam width of an antenna are shown from the second line to the seventh line. The smallest AIC (MAIC) is indicated by underline.
Distribution Estimation of Entire Data
One example of distribution estimation for entire data is shown in Fig. 1 . This is the 2nd scan for range sweep 400-519. The AIC values are calculated to be 61,675.0 for a log-normal distribution, 60,685.0 for a Weibull distribution, 60,841.7 for a log-Weibull distribution, and 60,701.9 for a K-distribution using Eq. (1). Since there is a significant difference, the best fit of the entire distribution in 2nd scan is a Weibull distribution. In the same way, the best fits of the entire distributions in the other 4 scans are a Weibull distribution. Here, the shape parameters of the Weibull distribution are 2.00 to 2.07. Therefore, the weather clutter amplitudes obey almost the Rayleigh distribution for entire data.
Distribution Estimation of Data within the Beam Width of an Antenna
In general, return signals have strong correlation and the same properties within the beam width of an antenna. Thus we divide the observed data into data within the beam width of an antenna. The size of data are 23 range bins corresponding to a range interval of 5.6 NM (10.4 km) and 20 
·Having a long tail.
Weibull distribution
pW
·W. Weibull proposed in 1939 (14) . ·Including the exponential and Rayleigh distributions (4) .
·We proposed in 1980 and 2001 (15) (16) . ·Having the advantage of both the log-normal and Weibull distributions.
·E. Jakeman and P.N. Pusey proposed in 1976 (17) . ·ν has been found to lie in the region ν = ∞, indicating Rayleigh distributed clutter (17) - (20) . range sweeps corresponding to an azimuth interval of 2 • . The number of data points is 460. Each of the observed data is divided into 6 data within the beam width of an antenna. We estimate the weather clutter amplitude for 5 scans of 6 data.
In Table 4 , the numbers of the MAIC of the Weibull, log-Weibull, and K-distributions are 26, 1, and 7, respectively, from 30 data within the beam width of an antenna. The differences of the value for AIC are less than unity from Weibull and K-distributions in the 2nd scan for range sweep 400-419 and 460-479, the 3rd scan for range sweep 480-499, and the 4th scan for range sweep 480-499. Thus these 4 data obey both the Weibull and K-distributions. We have found that the weather clutter amplitudes obey the Weibull, log-Weibull, and Kdistributions with the shape parameters of 1.73 to 2.43, 10.60, and 5.13 to 50.93, respectively. It is very interesting that the weather clutter amplitudes obey almost the Rayleigh distribution for entire data but the Weibull, log-Weibull, and K-distributions for data within the beam width of an antenna. Four typical examples are illustrated in Figs. 2-5.
Conclusions
We observed weather clutter using an L-band longrange ARSR having a frequency 1.3 GHz, a beamwidth 1.2 • , and a pulsewidth 3.0 µs. To determine the weather clutter amplitude, we use four probability distribution models, the log-normal, Weibull, log-Weibull, and Kdistributions, and introduce the AIC, which is more rigorous fit of the distribution to the data than the least squares method. As a result, it is discovered that the weather clutter amplitudes obey almost the Rayleigh distribution for entire data and the Weibull, log-Weibull, and K-distributions with the shape parameters of 1.73 to 2.43, 10.60, and 5.13 to 50.93, respectively, for data within the beam width of an antenna.
For suppression of such clutter, we have already proposed the CFAR system normalized by the standard deviation. It is clarified that this CFAR system is effective by the expression analysis and the computer simulation (21) . In the future, we will apply this CFAR system to the weather clutter data and analyze the effect of clutter suppression quantitatively.
